The objective was to evaluate the equipment efficiency in reducing drift and increasing the spray deposition. The experiment was conducted of the conilon coffee plantation, located on the experimental area of the Federal Institute of Espirito Santo, Itapina, Brazil. The experiment was a randomized complete block design with four replications. The treatments consisted: a knapsack sprayer with electrostatic assistance, an electric knapsack sprayer, a knapsack sprayer with a spray shield, and a knapsack sprayer without a spray shield. All sprayers were equipped with a single spray nozzle. Spray deposition was evaluated on wee leaves using a food colourant as a tracer. The knapsack sprayer with electrostatic assistance was the most efficient equipment, providing lower values of drift, and the greatest deposition on the weeds. It is recommended to use the electrostatic sprayer, as it showed greater efficiency in the application of the product on the target, using smaller volume
Introduction
Brazil has been the largest coffee bean producer and exporter since the 19th century, when its production began to be an expressive activity in the economy (Covre, Partelli, Mauri, & Dias, 2013) . Of the 415,000 ha of conilon coffee (Coffea canephora Pierre ex Froehner) in Brazil, 256,550 ha are in Espírito Santo, followed by Rondônia and Bahia with 83,340 and 50,100 ha, respectively (Companhia Nacional de Abastecimento [CONAB], 2018). exo-drift are dependent on the application technology, herbicide formulation, and climatic conditions (Sasaki Sasaki, Teixeira, Fernandes, Monteiro, & Rodrigues 2013a) .
Different equipment such as a Spray shield, an electric sprayer or an electrostatic sprayer can be used in order to reduce drift losses. The electric sprayer ensures greater control of application pressure and application volume (Sasaki, Teixeira, Nogueira, Alvarenga, & Oliveira, 2013b) . The electrostatic sprayer provides a better spray deposition on the target plantsbecause the charged droplet particles tend to adhere to the nearest plant, including the two sides of the sheet (Sasaki et al., 2013a) . The spray shield is an alternative method to protect the crop at the time of application, as it directs the spray mixture to the target plants (Christoffoleti & Nicolai, 2013) .
As a result of the problems often caused by application drift, our objective was to determine which equipment provides lower endo-drift (runoff into the soil), minor exo-drift (interception by the coffee tree) and greater deposition of spray mixture on the weeds.
Method
The experiment was carried out in a conilon coffee plantation (Coffea canephora Pierre ex Froehner), composed of 13 clones Vitória Incaper 8142, located on the Federal Institute of Espirito Santo, Itapina, Brazil. (geographical coordinates: 19°32′22″ south latitude and 40°37′50″ west longitude, at an altitude of 71 m, Municipality of Colatina). The region, with its tropical climate, has a warm and humid summer and a dry winter, and is classified as Aw, according to the classification of Köppen & Geiger (1928) . The experimental units consisted of an area of 12 m² (4.0 × 3.0 m) in a 14-year-old conilon coffee crop during the maturation phase. The plants had an average height of 1.77 m com spacing of 3.0 × 1.0 m. Corresponding to a area with 3,333 plants.
A phytosociological survey was performed on the area of coffee plantation, with the objective of characterizing the experimental units, discovering the two most important weed species, Cyperus rotundus and Micranthemum umbrosum. The experiment was conducted using a randomized complete block design distributed in split plot, with four replications, in which spraying equipment was used: knapsack sprayer with electrostatic assistance, a knapsack electric sprayer, and knapsack sprayers with and without a spray shield. The four subplots developed over time corresponded to weed ages, 15, 30, 45 and 60 days after mowing (DAM).
There were four types of equipment: a knapsack sprayer, model SP 20 with a tank capacity of 20 L, a knapsack sprayer, model SP 20 with a tank capacity of 20 L with spray shield,.a knapsack sprayer with electrostatic assistance, model JE8999, with a tank capacity of 18 L, rechargeable battery with 12 V and 9 Ah, 35 W electric pump with 482 kPa and pressure regulation per potentiometer, which uses the pneumatic principle for the formation and fractionation of droplets, in addition to using the indirect charge induction method for the electrification of the drops; and knapsack electric sprayer, model FT-16, with a tank capacity of 16 L, rechargeable battery with 12 V and 12 Ah, with 400 kPa and pressure regulation per potentiometer. The sprayers were equipped with bar with spray flat fan spray tip (TT 11003).
Humidity was measured with a hygrometer. Wind speed, relative humidity and temperature measured for the first application corresponding to 15 days after weeding (15 DAM) were 0.3 m s -1 , 98% and 37.7 °C, for the second application corresponding to 30 days after weeding (30 DAM) were 1.2 m s -1 , 70% and 27.3 °C, for the third application corresponding to 45 days after weeding (45 DAM) were 2.1 m s -1 , 68% and 25.3 °C, and for the fourth aplication corresponding to 60 days after weeding (60 DAM) were 0.2 m s -1 , 98% and 18.6 °C. The spraying was done in a straight line, in two passes in each plot, in order to cover the entire experimental area, with a displacement of the applicator regulated to 1.0 m s -1 . The discharge height was 0.50 m.
To evaluate the deposition of spray mix on weed leaves, the runoff onto the soil and the deposition in the leaves of the coffee tree used a tracer composed of dye blue, spraying indicator, at dose of 2 L ha-1, for absorbance in the spectrophotometer. During the preparation of the spray mixture, a sample was taken to determine the actual or standard concentration of the dye (Palladini, 2000) .
The determination of spray mix in weeds was done by collecting weed leaves contained in a wood template 0.20 m × 0.20 m, randomly cast on a single occasion in the experimental plot. Three leaves of Cyperus rotundus and Micranthemum umbrosum in the area were collected. These were then placed separately in plastic jars.
The determination of the drift in the area was performed by randomly distributing soil, just below the weeds, three acetate labels per plot, each with an area of 24 cm², totaling 72 cm² of deposited area. After spraying, the labels were collected and placed in plastic bottles.
For the determination of the exo-drift, leaves of the coffee tree were collected at three heights (what were the 3 heights?) and two different depths of the canopy, using a trident-shaped wooden jig. These leaves were collected from the four central plants of each plot, two on each side. A coffee leaf was collected at each height and depth, and these were placed in plastic jars.
To accurately quantify the dye that hit the weeds, soil and coffee leaves, the endo-drift, exodrift and deposition values in the weeds were compared with the total spray mixture collected in petri dishes. Petri dishes, which were arranged in the plot above the weeds, to collect 100% of the spray mixture that was sprayed. After spraying, the plates were collected and placed in plastic bags.
In each of the plastic containers with the coffee leaves and weeds were added 25 ml of distilled water then shaken to extract the dye. The sheets were then removed from the plastic containers, dried with moisture absorbent paper and then stored in plastic bags. In the soil and plant laboratory, Itapina Campus of the IFES, the leaf area of the samples was measured using the LI-3100 © leaf area meter. After, 25 ml of distilled water was added to the plastic containers containing coffee leaves, weeds and plastic labels. To the bags containing the petri dishes, 50 ml of distilled water was added.
All the samples were analyzed in the Agronomic Laboratory of Soil, Leaf and Water Analysis (LAGRO) at the University Center of North of Espirito Santo of the Federal University of Espírito Santo. The tracer deposition in these samples (coffee leaves, Petri dishes, plastic labels, and weeds) were performed using visible UV spectrophotometry (Reis, Queiroz, Cunha, & Alves, 2010) .
In the laboratory, plastic containers containing distilled water from washing weed samples, plastic labels, coffee leaves and petri dishes were shaken for 30 seconds. The wash liquor from each sample was stored in a test tube, then the absorbance reading of those solutions were measured in a ThermoElectron Corporation © spectrophotometer, model Genesys 10 UV, set to measure the absorbance at a wavelength of 630 ηm. For this purpose, a 4 mL aliquot was placed in a glass cuvette for reading in the spectrophotometer.
The absorbance values that were obtained by reading each sample in the spectrophotometer were transformed into concentration (mg L -1 ) by adopting the standard curve equation established by the dilutions (1/50, 1/100, 1/200, 1/500, 1/1,000, 1/2,000, 1/5,000, 1/10,000, 1/20,000) sample of the sample collected from the spray tank, after application. Knowing the initial spray mixture concentration (10 mL -1 ) and the volume of dilution of the samples (25 and 50 ml), it was possible to determine the mass of dye retained at the target.
The endo-drift and exo-drift weed deposition data were applied at the 5% significance level to the Durbin-Watson (DW), Shapiro-Wilk (W) and Bartlett (B) tests to determine the independence of the residues, the normality of residues, and the homogeneity of variances, respectively. While the means of the treatments were matched by the Tukey test, with the interaction of the means tests enabled by using SISVAR statistical software (Ferreira, 2011) at the 5% level of significance (p < 0.05).
Results and Discussion
Was verified from the analysis of variance a significant difference among the times of spraying for all collection points. There was also a significant difference among endo-drift treatments. However, there was no significant interaction among the types of equipment and times (weed ages) of spraying for the evaluated variables.
It was verified that, after the treatment splitting corresponding to the types of equipment within the time (weed ages) of spraying, there was no significant difference in the deposition of spray mixture in the Cyperus rotundus weed (WP1) and in the exo-drift (when interception occurred compared to the times of spraying). However, the deposit in the Micranthemum umbrosum weed (WP2) and the endo-drift (soil runoff) was significantly different in relation to the treatments (Table 1) . In the last spray period, the knapsack sprayer with electrostatic assistance was the equipment that provided the largest deposition of the spray mixture to the Micranthemum umbrosum weed, followed by the knapsack electric sprayer. Thus, these two equipment types were the most efficient in depositing a largest amount of spray mixtureon the target weed (Table 1) .
According to Baesso et al. (2014) , spray droplets can be divided by size: thin (< 200 μm), medium (200 and 400 μm) and thick (> 400 μm). The knapsack sprayer with electrostatic assistance produces thin droplets according to Gitirana Neto, Cunha, Marques, Lasmar, and Borges (2005) , which better covers the target and provides greater penetration of the plant canopy (Baesso et al., 2014) . Therefore, the droplet size produced by this equipment in the present study indicate a greater efficiency in depositing the spray mixture on the target. Corroborating this result, Cunha, Marques, & Alves, 2016 , demonstrated that the spray tip that generated smaller and more uniform droplets was able to deposit more spray mixture throughout the canopy of soybean plants.
The weed leaf area was greaterr at the 60 DAM application time, due to the greater time following mowing (Figure 1) , may have also contributed to a greater deposition by the knapsack sprayer with electrostatic assistance. This result is due to the equipment's ability to deposit of spray mixture to the nearest target, as demonstrated by Sasaki et al. (2013c) and Tavares, Cunha, Alves, Alves, and Silva (2017). In addition, these authors explained that for more distant targets, electrostatic charge loss may occur during the trajectory between the spray tip and the target. rift presented ayer without s cient in depos d) and 24.96% volume of sp ayer (Figure 3 
Conclusions
In our research the knapsack sprayer with electrostatic assistance was the most efficient equipment used, allowing for lower endo-drift and exo-drift, as well as depositing a greater amount of product on the weeds with a lower total volume of spray mix applied, which means water concervation, lower production costs, and a lower risk of environmental contamination.
Among all the equipment used, the knapsack sprayer with a spray shield results in a greater amount of endo-drift, while the knapsack sprayer without a spray shield leads to a greater amount of exo-drift and the knapsack electric sprayer deposits a smaller volume of spray mixture on the weeds.
